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Ouvutline

= Hardware Requirements

= Model Extraction flow
— Small Signal FET modeling
— Output Current Source
— Diodes
— Non-linear capacitances

— Thermal & tfrapping effects

= Large Signal Model Validation
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Hardware Requirements

Measurement System
« Short pulse : Quasi-isothermal conditions

+ Low duty cycle : Constant mean temperature

« Quiescent bias point :
Thermal conditfions fixed
Traps conditions fixed

Advantages

v High power dissipated areas // safe operating conditions
v Thermal effects : influence of QP on Idss
v Trapping effects (gate-lag & drain-lag)

v Precious modeling data inputs
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Model Extraction flow

. Non-linear Thermal Trapping
Small-Signal capacitances model effects

R; _
Clds lgs=f(Vgs:Vas) 1,;=F(Vgs.T)
A " 1=V Ve T) Opt2:
Rg G: :|» — Ids=f(Vgs,Vds) L Ids=f(vgs irqplvds trqplT)
Ly C Optl:
gs _
I(-:pg Caa } > Cgs_f(vgs) — | Cy=f(VgsT)
S = . .
Cpd R:: Caa=i(Voa) Cga=H(Vga 1) Various effects are
Il'zd Cas=H(Vas) Cas=f(Vas .T) successively added
S
Ry } | . R=(T)
R,=f(T)
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Small Signal FET modeling

L
i Wed o
Cpg /I Ide
gu
P
« Exirinsic parameters
- pad capacitances Cq, Cpgq — Cgd Rgd —

- port metallization inductances L, Ly, L, [ A
- port ohmic résistances Ry, Ry, R; | |

Cgs
* Instrinsic parameters C¢ Gm Rds —— Cds
Ri;

- channel capacitances Cg, Cq
- voltage-controlled current source with
tfransconductance gm and transit fime delay tau

- output capacitance Cds and resistance Rds
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Small Signal FET modeling

* Extraction of exirinsic and infrinsic parameters:

Four steps

Step 1 (optional) - Extrinsic parameters initialization with

cold FET measurements using foundry parameters : Rc

Z,, =2, :Rs+%j+j.(a1‘5

Z,, =Rd+Rs+Rc+ j.o.(Ls+Ld)

Re nkT
Z,,=Rg+ Rstc ML +ja.(Ls+Lg)
3 glg

as=0V
Channel open V >>V,

=> Direct calculus of
extrinsic parameters

without optimization

7 This document may not be reproduced, modified, adaptec
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Rs = real(Z21)-Rc/2

Rd =real (Z22)-real(Z21)-Rc/2
Rg =~ real(Z11)-real(Z21)+Rc/6

% HEMT/ pHEMT Linear model

[ |14 Tuning ]E] [ «o¢ Linear model extraction ] [ 40¢ Multi-bias extraction < Optional [ Expol
Rs: |-Infinity | to Infinity | (G... Rd: -Infi Cold FET: Vgsmax Re
0old Tvgsmin

10 10
[ Tee—

s = Im(Z21)/W

Ld = (Im(Z222)-Im(Z21))/W
Lg = (Im(Z11)-Im(Z21))/W
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% HEMT/ pHEMT Linear model
[ [ Tuning ]B |4 Linear model extraction | [ <0) Multi-bias extraction | [ optional ]B [ ™ export |

Rs: [-Infinity | to |Infinity

0.8
& 08 = 4
A=~

mmmmmm
mmmmm

Rd: [-Infinity | to |Infinity Rg: -Infinity | to |Infinity

-

= =
mmmmm = N ®

Frequency (GHz) Frequency (GHz) Frequency (GHz)

Ls: |-Infinity to |Infinity Ld: |-Infinitw to |Infinity Lg: |-Infinity to | Infinity

12e-12 CE+00
U CR R e = — ]
3108712 _?
e  se-12 n0e-12

mmmmmm =] = =]
= & &

Frequency (GHz) Frequency (GHz) Frequency (GHz)
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Small Signal FET modeling

* Step 2 (optional) : Extrinsic parameters initialization with cold FET measurements

Im(Yl 1) = jo.(Cpg+2Ch)
Im(Y2 1) = [m(Yl 2) =—j..Ch

Im(Y2 2) = J.o.(Ch+Cpd)

=> Direct calculus of extrinsic

parameters without optimization

Channel pinch-off Vg, <V,

Vg =0V

¥ HEMT/ pHEMT Linear model

[ |5 Tuning ]E] [ <» Linear model extraction ] [ 400 Multi-bias extraction l [ 2 Optional IE] [ [ Export ]

Cpd: |-Infinity | to |Infinity Cpg: |-Infinity | to |Infinity

18-12 5e-12 : -
— e o LY
"- OE+00 5 - |

— I =
-le-124k = = -
Cpd = (Im(Y22)+Im(Y21))/W R
*
Cpg = ((Im(Y11)+2*Im(Y21))/W i
Cha i i
Frequency (GHz) Frequency (GHz) Vdsz 0V
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Small Signal FET modeling

Set min. and max. for each extrinsic
parameter

* Extraction of extrinsic and intrinsic - User choice
- Initiated by colf FET meas

A 4

parameters:

A 4

Optimization algoritgm : annealing,
No fast simulated diffusion

admittance matrix of the device is extracted from (intrinsic parameters calculus)

For a given set of extrinsic parameters, intrinsic

measured [S] parameters

Fit &
condition
?

Condition : There is only one set of extrinsic

parameters for which intrinsic parameters are

frequency independent.

Multi-biasing extraction of linear model

A - -
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Small Signal FET modeling
* Step 3 : Linear model optimization

Comparison and optimization between calculus and measurement can be done for [S], [Y] or [Z] parameters.

|14 Tuning |~ | 4o Linear model extraction | 4 Multi-bias extraction 40 Optional  ||» [ Export

Af’rer selec’nng Linear Model, tuning and optimization are accessible.

(24 Tuning: Linear model — [m} s
a1, - - T T L \ Save Restore Netlist Window
| o 7 . 3 A
1) 5 o / H N Flning} optmization
: o o glon sl ol elol ele ol ol
SumEmi v = T e [ e T e e e

mpE
[ ook

The final and optimized set of parameters.
S+ DUring the optimization, the updated data are displayed in

= S | real time.
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Small Signal FET modeling

« Step 4 : Multi-bias extraction

To check the good behavior of the linear model with the optimized set of parameters, visualize the intrinsic
parameters in multi-bias conditions.

o / + + + + +
- ) C P ) & . - & ot C (- »
|| Tuning 40y Linear model extraction | 40y Multi-bias extraction | 40 Optional Export o P
o "
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DESD. L 2 e
e s ====;== = @ < % ¢ % i i EERGAGRGRGA AR GREE G I E G E G FF
Vds [V) Vvds (V) wds (V) wds (V) -

If the intrinsic curves have a good trend, all these parameters can be stored into a buffer or in Netlist file .
|18 Tuning: Linear model

[ Save Restore Netist| Window Settings : model output, intrinsic parameters;
................... -> linear model extraction
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Model Exiraction flow
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Small-Signal IV Model

Non-linear

capacitances

R:

! 1,.=f(V 4,V

Cds gas ( gs ds)

T

G
Rg G: }_> Ids=f(vgs'vds)
Ly Cys
I(-:pg Caa } Cgs:f(vgs)
Coa  R™ Cge=f(Vga)
I'd o Cds=f(vds)

_

Thermal
model

<

1,=f(Ve.T)

lgs=f (Vg Vs T)

Trapping
effects

<

Optl:
Cos=f(Vgs)
ng=f(vgd)

Cds= f(vds)

, R=A(T)

_

: R=f(T)
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GaN HEMT modeling

ASM linear model is based on
extrinsic parameter AMCAD
extraction flow in IVCAD

Advanced Spice Model lis a CMC candidate models for

industry standardization in 2018

ASM is one of the 2 candidates for the Compact Model Coalition with MIT

model (MVSG)

ASM-HEMT Model Overview(?

Analytical Solution of
Shrodinger’s & Poisson’

+

included

SP-based I, I, & charge
model real device effects

¢

+

\

Noise Model, Trapping
Effects Model, Self-heating

¢

(1) http://itk.ac.in/asm/

Industry Standard GaN HEMT compact model for power electronics and RF applications, Dr Yogesh S. Chauhan

@
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ASM GaN industry standard

e The variation of E; (Fermi-level) is divided in function of the gate voltage

ASM

Physics based-model

* Arigorous charge model for all the terminal charge in the device is present

Real Device Effects Incorporated into
the model :
- velocity saturation effect
- mobility field dependance
- subthreshold-slope degradation
- NL series résistances
- flicker noise
- channel lentgh modulation
- drain-induced barrier lowering
- self-heating effect
- temperature dependance ...

N i H
14 () hites//itkacin/asm/ r AMCAD Engmeerlng
(2)  Industry Standard GaN HEMT compact model for power electronics and RF applications, Dr Yogesh S. Chauhan w Advanced Modeling for Computer-Aided Design
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Ouvutput current source : NEW OPTION = ASM

* In addition to the existing AMCAD current source model, the ASM (3) model

,,,,, B e I e o N - meas
<4 - S Tmedl
9 =

v’:lsx =3 ["’t(v‘ 3i. Jl\o’::lsl + ) -

v’c:“ dibl temp = Voff_dibl-(Tdev/Tnom-1)*ktl;
cdsc = .+nfa:tcr.+(cdscd) - *Wdsx;

Vev=Ebol. *Tdev. *cdsc:

ti=1./{ <YW, ¥P_Q.YDOS. AVEV. AVEY) ;
vogmin=Voff_dibl_temp.+Vtv.*log(tl.*imin):
vggmin=
Vgl= vggmin.-Voff_dibl temp;

vgop= ng] .+ LAagre(Vgl. *Vgd .+
beta=Cg./ (B_Q.*D0S.*Vtw) ;

LLPHLN =exp(l)./beta;

ALPHRD = -/beta;

Hx ={wvgop .+ Vtov."{ —log{beta. *vgon)) .- (GRMMAROIval./

Voff_dibl=voff-(etal).* (Vdsx. Jlv::lsc‘.ale) faqrt (Vdsx. *Vdsx.+vdscale. *vdscale) ;

. *{(Vgsi.-vgmin) .+sgrt( (Vgsi.-vgmin) . * (Vigsi.-vgmin) .+
.*ep_psi.%sp_psi):

wgon = vgop. YALPHAN. / (sgrt (vgop.*vgop .+ ALPHAN.*RLPHAN)):
vgod = wvgop.*ALPHRD./ (sqrt(vgop.*vgop + ALFHRD.*RLFHAD)):

)) .+vgmin;

) - ({Cch. twgop) MM (2/5)))

] 5 (3) Sourabh Khandelwal, Sudip Ghosh, Sheikh Aamir Ahsan, Avirup Dasgupta, and Yogesh Singh Chauhan, « ASM-HEMT 101.0.0 Advanced SPICE Model for HEMTs -

Technical Manual », March 16, 2018.

Name
[\[e]3
Gate_width
Gate_length
tbar
vsat

at

ua
ub
ute
imin
elii
lambda
delta
thesat
nfactor
cdscd

epsilon
eta0

vdscale

gdsmin

Definition

Units

Default

Number of fingers none 3.00
Gate width m 2.00E-4]
Gate length m 2.50E-7|
Barrier layer thickness m 2.72E-8
Saturation velocity m/s 4,20E6
Temperature dependence coefficient for saturation
velocity none 0.0
Low field mobility m2/(V*s) 0.18
Mobility degradation coefficient first order V-1 4.40E-9
Mobility degradation coefficient second order V-2 1.00E-16)
Temperature dependence coefficient of mobility none 1.00
Minimum drain current A 1.00E-15|
Pinch off voltage \J -2.608
Channel length modulation coefficient V-1 -3.5E-3]
Exponent for Vdeff coefficient none 0.67
Velocity saturation parameter V-2 1.37
Sub-voff slope parameters none 4.64]
Sub-voff slope change due to drain voltage None 0.19
10.66E-
Dielectric Permittivity of AlGaN layer F/m 11
DIBL Parameter none 1E-9
DIBL Scaling VDS \ 5
Convergence parameter S 1.0E-12
" AMCAD Engineering
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Ouvutput Current Source

The extrinsic parameters values are common to the linear and non-linear model.

E—} Madeling
EI Compact modeling
- HEMT/pHEMT
L‘—J Linear

4P Linear model

=)+ Mon-inear

- &P 1D Cds capacitor moded
P 1D Cad capaditor model
¥ 1D Cqs capaditor model
& Input current model

3 0uput current source model

----- [ Export

----- S+ Settings

Equation editor is
implemented to allow the
customer to build his
custom model.

16

For the nonlinear part it is possible to use the AMCAD model or a custom model.

Equation
Expression Variables Linear parameters Parameters
Calc @ Label Label Value Label Value Minimum Mandmum (5]
. " vasi Rs [osss4s | mor 10,0 0.0 10.0 ~le®
Tuls_tdev 7”?‘&';1}‘2“;‘1’?;’;1;7’:22'Wg‘[‘fe: ia s gsi Rd [2.93808 Gate_width 5.0+ 0.0 0.01 .
mu_eff = mulf_tdev./(l.0 .+ ua.*(c03) + ub.¥t03.4t03); Ra [167339 Gate_length |2.56-7 |2.5E-10 6.0E-7 b
vsat_tdev = VSATval.* ((Tdev./Inom).**at); thar |2.466E-8 2,268 5.0E-8
w04 = 2.0.4vsat_tdev./ma eff; vsat 14493373 |10000.0 [200000.0
tiz = 0.5.%Vg0 .+ 0.5.45qrT(VG0.*Vg0 .+ 4.0.%ep_psi.*ep_psi); uoval 0001815 0.0 0.003
Vdsat = t04.41. 4612,/ (£04.41.4£12) ; b 79610 0.0 L0E8
05 = (Vdsi./Vdsat).*‘delta: ub 221617 |00 10E-16
t13 = (1.0.+805).%*(~1.0./delt ° = -
Gheer  vasiioin eq Ua Ion imin L15E4 LOE-16 2.0E% "
Vgdeff = VgO.-Vdeff; av
vgodl = Vgdeft: Preview
vgodp = 0.5.%¥godl .+0.5.%3qrt(vgodl.*vgodl.+4.0.%ep psi.tep psi);
vegel = vgodp ;
;xn = vgopl. *ALPHAN. / (St (vgopl. *vgopl . +ALEHAN. *ALPHAN)) ;
Gugod = vgopl.*ALPHAD. / {sqrt (vgopl. *vgopl. +ALPHAD. *ALPHAD) ) ; 035
Hxl = (vgopl.+VEv. * (1. 0.-leg (beta. *dvgen) ) .~ (GAMMROIvaL./3. 0) . ((Ceh. *vgopl
< >
=— 03
P,
v
" o Keyword = .
Logical not Category:
= <none> -
nequaity 02
o =k =
Modulo o
= 015
|Assignation combined to modulo ope
&
Eitwise AND 01
X
Logical AND
= 00s
fassignation combined to bitwise AND
[Transpose o ==
Multiply S w o g w = W o W o W o oo
b g & & 8 88 9 9% B 8 2 8
Power
- v
< > - =5 Vds
Update Tuning
Cancel

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party
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Output Current Source

Model optimization methodology

f® Tuning: Output current - ASM_model

Save Restore Metlist Window

Tuning | Optimization

Locked Parameters

Valu[100 |||Value: 6 0E4 Value:[2.56-7 Value: 246568 alue: 14409973 ||[vatue: 0001815 [[[value:[7.96-10 Value:[4.21E17
M [10.0 Max: [0.01 M [B.0E7 Max: [5.058 2000000 |[|Max: [0.003 e [1.058 M [1.06-18 :
Min: 0.0 Min: 2.5E-10 Min: 22EE in: 10000.00 Min: 00 h
step: [1.065 Step: [5.98756-10 [ |step: [2.8E-11 p [190.0 Step: (2066
Log scale [ Log scale [ ] Log scsie Log scale Log scale
[7] Locked A Locked /] Locked Locs [] Losked | :
bd ° m cdscd 13 tnom 1x
Value:[1.1564 Valus:-2.0 Valuz: 0.0 Valus: 1.0 Value: 0.65751 value: 5005 ||vatue: 001 Valus:[25.0
M [2.084 Max [-20 M (0.1 Max: (1.0 e (6.0 M [10.0 e [0.01 M [27.0
Min:  [1.06-18 Min: 3.5 Min: 0.0 Min:  [0.01 win: [0.02 Min: [0.01 win: [1.055 in: 0.0
Step: [2.087 step: [0.0015 Step: [1.0E4 step: (3564 [Step: [0.00808 step: [0.00083 step: [9.99E8 step: [0.027
[ Leg scaie Log scale Log scale [ Log szsie [ Leg scale [ Log zcaie [ Leg scaie Log scale
Locked Lociced Locked Locked [ Loskes Locked Locked Locked
Value:|1.083 Value:| 1 0E5 Value:|1.08-12
Mo [20 Max. (5.0 Max: [1.0E6
Min:  [1.0E8 Min:  [1.065 Min:  [0.0
Step: [0.002 step: [0.005 Step: [1.0E8
[ Leg scaie [] Leog szsie Log scale
Locked Looked | i ik

17
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Physical parameters
Nominal T° measurements
Convergence parameters
Imin : Pinch off Current
Voff : Pinch off Voltage

B HEMT/pHEMT Quput current source model

¥’ HEMT/pHEMT Ouput current source model ¢ 0Ox
JTonng - | Thermal model Model: |Qutput current - ASM_model | @ @ [ [H (%

Output current - ASM_model

Measurement vs madel

04
035
o
oo
o 0 \ . ~Ef
= voII
01
01 'J(
. )
. _

Vgs
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Diodes

° Gate-drain  and  gate-source

equations :

Iys =w*lxnf « |t3|*(eth0_1)

Vgsi
njgs*KboQ+T gey
igsdio + (T - 1) * ktgs

nom

wx Lxnf x |t3] + (exp® — 1)

dev
Igd =

Vgsi
njgd+KboQ*T gey

igddio + (

dev _ 1) * ktgd

nom

diode

NEW OPTION = ASM

@ Equation X
Expression 4 Varizbles Linear parameters Parameters
{ .\ " = Label Label Value Label Value Minimum Maximum Q
j eI MRLERELY(L v () -REE THRESHOLD) vgsi ks Jo.s9s4 | fresoio 5716613 |00 LoE-11
clse'if (x<-EXP THRESHOLD) Vadi Rd |a99608 | eDpIO LOE12 LOE12 LOE-IL e
{ - Rg [167338 | fies 0.37358 00 10 ©
return MIN_EXPL; KTGD 0.45852 0.0 10
} HIGS 0.5557 0.0 L0
else HIGD 0.55354 0.0 Lo
U e o noF 10.0 00 0.0
, T Gate_width _[6.04 0.0 001
) Gate_length (2,567 25E10 6.0E7
ths gsi. / (IG5 *KboQ. *Tdav) .
(Tdev./Tnom.—1) . VKTGS ; Preview
I;ﬁ =c or(size(tlgs), a, w.*1.*Nf.*abs(c3gs) .* (lexp(tigs[al)-1)):
1302-08
©0ga=Vga1. / (NIGD. KboQ. *Tdev) ;
©3g4=TGDDIO. +(Tdev. /Tnom.~1) . *KTG! e
Tad size(cgd), 2, w. e *abs(c3gd) .4 (lexp(eigd[al)-1)); S
zeturn Igs .+ Igdi| v et
i q 1002-08
2§ Famiy:
n | [keyword < 902-06
Category: 802-06
<none> -
70206
Keyword: =
= 60e-06
50e-06
ape
40e-06
30208
20008
102-08
oEs00 S
v
< > = o Vds

Definition

Update

Gate-source junction diode saturation current

Gate-source junction diode current ideality factor None 2.5
Gate-drain junction diode saturation current A/m~2 1
Gate-drain junction diode current ideality factor None 2.5
Temperature co-efficient of gate-source junction diode current None 0
Temperature coefficient of gate-drain junction diode current None 0

Tuning

Cancel

" AMCAD Engineering
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Model Extraction Flow

i
i

1ol

@&

= | “rrrrrer CrrreTeT

. Non-linear Thermal Trapping
Small-Signal IV Model capacitances model effects
R, _ .
Cds Igs'f(vgsrvds) |g=f(vgs'T)
Ry Gq }—»lds=f(vgs,vds) ) s [ 157 Vgs ropVos 1ropT)
L Optl:
c & Cs=f(Ve,) B
\ Pg od } p o Rtest L, | Co=f(Vy)
épd R = Coa=f(Vga) Cga=f(Vga)
L g" Cas=f(Vas) Ca= f(Vas)
S
R, } | , R=(T)
\ e
AMCAD Engineering

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party

] 9 without the prior written consent of AMCAD engineering - © Amcad 2019 . Advanced Modeling for Computer-Aided Design



i

[y

Non-linear capacitances : NEW OPTION = ASM

Cgs * Input capacitance Cg is strongly influenced by Vg, and weakly influenced by V.

In ASM model the Cy capacitance depends on both V & V,, 2D capacitance.

B Tuning: 1D Cgs capacitor model - Cgs_ASM

.2/ Save Restore Netlist Window

Tuning | optimization

nor < Gate_wiatn_£3 [ Gate_tengwr €3 [war x|
Y [vatve: 100 [Value: 8.08-4 [Value: 2 8.7 Value:| 2 400E-8 Value: 14459573 Value: 0.001898 Value:| 7.9E-10 Value: 4.21E17
use: (100 use: 00 uwe (s0e7  fuax (soms [lumc (00900 fleme (o003 s (1058 [fusxc [r0ee

Sl IRl ) Select almost
AT T T allthe (V)
. iy MREMREMREN points

[E 1 T

wel || B

tlg = psid .- psis;

t2g = Vg0 .+ Vtv .- psim;

tig = Mg ¥NE. A1) L% (Vg0.—psim.+0.5.%clg. ¥tlg./(6.0.%t2g)) ;
Tog = 6.%(t3g./QMOI);

Tlg = .+ (TO0g.**BDOSI);

EDCim

RDOSI./Tlg:
Cg_gme = epsilon./(thar .+ XDCinv);

ggint = (Cg_gme.*w.*NL.*1).*(Vgl.-psim.+0.5.%c1lg.*clg./(6.0.%c2g)) .+c0_vgsi.*Vgsi.+cigd.

20 This document may not be reproduced, modifie dapted, publis
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Reuse of the
current source
parameters

Definition
Charge centroid parameter - starting point for QME in inversion

Default

1E-3

Charge centroid parameter - slope of CV curve under QME in inversion [none 1

Quantum mechanical effect pre-factor cum switch in inversion none 0

Gate-source overlap capacitance F 0.0E-18]

‘gsii Fringing capacitance parameter F 1E-13

nslated, in any way, in whole orin par

ed to a third party
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Non-linear capacitances : NEW OPTION = ASM

Cgs * Input capacitance Cg is strongly influenced by Vg and weakly influenced by Vg

In ASM model the Cy capacitance depends on both V & V,, 2D capacitance.

.

—— meas

Select almost — model é /
all the I(V) >
points Cgs e
capacitance =
, extracted on
T the entire I(V) o

network

tlg = psid .- psis;

t2g = Vg0 .+ Vtv .- psim;

t3g = (Cg.*w.*Nf.*1).*(Vg0.-psim.+
Tog = - ¥ {t3g./QMOT) ;

Tlg = .+ (TO0g.**BDOSI);

EDCinw = RDOSI./Tlg:

Cg_gme = epsilon./(tbar .+ XDCinw);
ggint = (Cg_gme.*w.*NL.*1).*(Vgl.-psim.+

21

LAtlg.rtlg. /o

HAtlg.relg. /o

-'t2g)) ;

.¥t2g) ) .+c0_vgsi.*Vgsi.+cigd.*Vgsi;

Definition

Charge centroid parameter - starting point for QME in inversion

Default

1E-3
Charge centroid parameter - slope of CV curve under QME in inversion [none 1
Quantum mechanical effect pre-factor cum switch in inversion none 0
Gate-source overlap capacitance F 0.0E-18]
Fringing capacitance parameter F 1E-13

+ " AMCAD Engineering
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Non-linear capacitances : NEW OPTION = ASM

C

 Feedback capacitance Cq is a strong function of drain voltage.

Inclusion of this effect is necessary to fit large-signal data.

Name

vdsatcv

Saturation voltage on drain side in CV Model

Select almost >
A T a”th.E|(V) ng
points capacitance

exfracted on
the entire (V)
network

Definition

Units

Default

=—— model

cgdo

Gate-drain overlap capacitance

0.0E-18

(-{:|II\/ds bias dependence of parasitic gate drain overlap capacitance F 0.0E-15

I 7ZIlFringing capacitance parameter F | 1E-12|

Temperature dependence of Fringing capacitance F 0
(a:L Wl Capacitance smoothing parameter F

22

~— meas

gfrl = cfgdl.-({cfgd.+(Idev./Tnom.-1).*ktcigd).*Vdsi;

qir . '+?,f_ri'1:: S Agfrl.-sget{(gfrl.- Y. ¥ {gfrl.- ) .+cfgdsm)) .
Reuse of Cy, capacitance
parameter
+ "™ AMCAD Engineering
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Non-linear capacitances : NEW OPTION = ASM

C * It is possible to have a Cg, capacitance function of the V4, voltage.
ds

Select almost C
i Imrfa 7 allthe (V) qu
i . points capaciiance

11 I8 AN RBEABE RS R Ean extracted on
ol e the entire 1(V)
ol [/ SEREEN network

Deﬁnition DefaUIt #0DI drain charge Calculationt
Cds capacitance parameter T1a < (psis 4 0 paim .o
o X t2d = (1/12).* (psl;:l. ‘psisd) ..ftlJ;l:
Built in potential v 0.9 st e P L
. . ) Vth= EboQ.*Tdev;
Zero bias depletion capacitance F OE-15| ciqaep=(cogdep.+vas:) . ven:
t2gdep=sqrrt(dj.*tlgdep.*tlgdep.+ ):
Grading factor of depletion capacitance None 0.5 S e
tegdep=Llog( .~tdgdep./vki) ;
e el . B B H H _ tigdep=cj0.*(vbi .- (Tdev./Tnom .- yAkovbi) . é( .—exp (tégqdep. ¥ ( ~mz) )Y LA .-mz)
Limiting factor of depletion capacitance in forward bias region None 100E-3| C e i ey (e doaee)
F. . N 1 gdint = - (Cg_qme.*w.¥1.*NL.¥ ).*¥{Vgld .- tld .+ t2d .+ t3id):
itting parameter one

.—exp(-log(aj)./mz)):
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[N e
Model Extraction Flow

. Non-linear
NaglelENe]gle] capacitances

R.
i 1, =f(Vye, V
Cds gs ( as ds)
T
G
Re o [ VoV
Ly Cys
I(-:pg Caa } > Co=f(Ve) |
Cspd R ds ng=f(ng)
Ly o Cas=f(Vas)

Thermal
model

1g=f(V,.T)

lgs=f(Vge Vs T)

Optl:

Cy=f(Vgs)
ng=f(vgd)
Cas=f(Vys)

Trapping
effects

Opt2:
Ids=f(vgs irqplvds trqplT)

, R=H(T)

24 This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party
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Thermal effects with IVCAD

®* Temperature dependence with ambient or chuck temperature

Ids (A)

25

10
] 05
0.8 25°C 1
1 0.4 150°C
0.6 ]
] 0.3
0.4+ <
4 v 02d
= ]
0.2-| ]
e 013
0.0 == :M
1 0.04
B2 B 1
0 5 10 15 20 25 30 35 40 45 01 e e e e

0 5 10 15 20 25 30 35 40 45
Vds (V)

Vds (V)

IVCAD can be use to model thermal effects on
different parameters of current source and
capacitances.

This document may not be reproduced, modified, adap

translated, in any way, in whole or in part, or disclosec

o Tnffe |~/ [ @ Thermaimodel

Output current - ASM_model

Measurement vs model

04 !
|
| e e
038 © [ Thermal model - Output current - ASM_model
(8L ;i |$8 (1) [Avalable graphs | | Avaiiable snapshots -
034 £ || vsat uoval
y=ax+b | [@|" y=ax+b |/~
032 - -
200e+03 (ERER)
3 _ ooo:
=
0.0021
oo § 1soei0 g
0.002
026 100e+03 0.0013
PR PR
22823288 228R32¢82¢8
mEn R ERBRIREGR R ERIREGR
(1] _ _
Temperature (Kefvin) Temperature (Kelvin)
02
- delta
018 y=ax+b ||[@|- y=ax+b +
016 072
=
014 = 07
= 068
012 066
o 8 8EZEEER EFRERZIEEER
008
Temperature (Kefvin) Temperature (Keivin)
006
004 e e e
002 = &5 > A
. o
7H TS A AT hElE SO 0T EE2ERANRARRERARFEIBS B &
Vds
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[
Model Extraction Flow

ol

a3

i
i

1ol

aler

= | “rrrrrer CrrreTeT

Trapping
effects

, Non-linear Therma
NagleliNe]gle] IV Model capacitances mode
R, _
Cas Igs_f(vgs'vds) |g=f(vgs'T)
. T 1g=f (Vg Ve T) |
R or [ VoV
Lg Cd Optl:
c > C..=f(V,,) -
\ Pg od } p ot | Co=f(V)
Cspd R ds cgd=ll:(vgd) ng=f(ng)
L ” Cas=H(V) Cas= V)
S
Rd } | » Rs=f(T)
R,=f(T)

Opt2:
Ids=f(vgs trqplvds trap'T)

26 This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party
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[y
Thermal and Trapping effects

+ Thermal and Trapping effects require a time-based simulator. IVCAD software does not have an on-board
simulator. That's why, the thermal and trapping effect included in AMCAD models are implemented using

commercial software like Advanced Design System.

Trapping Effects :

= Gate-lag & Drain-Lag measurements.

Thermal resistance extraction = Coincidence method / Del Alamo method

Thermal impedance extraction = Drain long pulse characterization

A
0.26 {L""'“EL,,\ V — O V
- L —
0.24 - =L g
—a
0.22
0.2
018 i DC, Tchuckl =25°C
0.16
2 o s Pulsed from (0,0), Tchuck2 = 100°C <
= ox | ke
0.1 I-_‘»tl
minll AT
0.06 ‘f“
| ——
0.04 ‘f‘ Rth —
0.02 J AP
I
[
vds (V)
27 This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed fo a
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Export

[ @B || [ s midonvanon | |

— T

P TP R —— B00e-1 = 024
—_— -
ter o s
sne-t 014
oame 15
v I
e O ne-15 -
700e- e 3,
i Fame.t5
St0s. 1 0e-15

4001
age- 1

1008-15.

S 2 8 8 5 8 @ 3 2

il

T

i
i

e}

1

5 Tunng: Outpun currest - Tajma mocel - b x
Seve Resore Mkt Wk
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G 8 ] avetabe gaote | Auafstie snspahots

w Voo
[ymax+b v -
z.rv——.—ﬂ:i‘

S [

Thermel model

Vp0: 3 = 0.0070, b = 026002
Visp: 2 = 0.0056687, b = 0,328

BRBEBIERE

Non-linear

capacitances

Tuning: 1D Cgs capacitor medel - Default

Save Restore Netlist Window

Impott...
Import from clipboard

o oo o
i3 [fvatueos Value: (0.5 Value:-3.0 Value: 0.0
12 [ [100 [[m=x: 100 Max: [100 [[mex: [100 |
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| Example netlist file
2t O I A + To export the

e . - SWREKS.
.param Rg={+1.6733%00E+00}
nonlinear model, e
.pazam Cpg={+3.3377000E-14}
M .R&Iam Rd={+2.9960800E+00}
select only one point Earan s o1ac000E 1)
-pazam Cpd={+5.1630000E-14}
.pazam Rs=(+E8.9644000E-0Ll}
of the I(V) network. Lot Lo-teidezo00s-121
.param Cgs={+7.8954156E-13}
-param Cgd={+6.5817721E-14}
-R&Iam Gm={+7.3612925E-02}
.param Gds={+1.5453619E-03}
.param Cds={+6.3788312E-14}
.pazam Ri={+1.5815476E+00}
.Razam Tau={+4.7263491E-12}
.param Rgd={+4.3124969E-01}
-param NOF={+1.0000000E+01}
.param Gate width={+6.0000000E-04}

Export format: | ST .pazam Gate_length={+2.5000000E-07}

[FGenerated by IVCAD at 2019/01/09 14:56:08

.

Wi

[ HEMT/pHEMT model export 4

¢ Plug-ins

vas v

(5408 Plug-ns

Other

Measurement system
- Visuslization

- Toobox

£ Modeling

£ Compact modeling

- HEMT fpHEMT

- Linear

* & Linear modsl

on-inear
{4 1D Cds capacitor model
& 1D Cgd capacitor model
@ 1D Cgs capacitor model
& Input current model
& Ouput current source model

Scripting

Model(s) to export:
Bias information

[5] parameter information

Linear model
Input current mode! - Default

Output current - Tajima model

1D Cgs capacitor model - Default
1D Cgd capacitor model - Default
1D Cds capacitor model - Default
1D Cds capacitor model - Cds_ASM
Custom models

Input current - ASM_input_current
1D Cgs capacitor model - Cgs_ASM
1D Cgd capacitor model - Cgd_ASM
Qutput current - ASM_model

Export destination:

Cancel

.param thar={+2.4660000E-08}
.param wsar—{+2.9913743E+05}
.R&%am at={-5.6683370E+01}
.param ulval={+9.9113100E+00}
.param ua={+7.0052000E-09}
.pazam ub={+2.6365000E-17}
.RaEam whs={-6.8681200E+00}
+7.1670000E-16}
.pazam voff={+4.5386000E+00}
.pazam ktl={-4.1178100E+00}
.param lambda={+7.2807500E+00}
.pazam delta={+5.3658200E+00}
.param thesag={+4.4347400E+00}
.R&ZAN RLASKAE={+9.0676100E+00}
.param cdscd={(+3.7488000E-01}
.param QMOT={+4.1304500E+00}
.param BDOSI={+3.0284000E-01}
.R@&%am ADOSI={+4.0028000E-03}
.pazam c0_vdsi={+2.3250000E-13}
-pazam epsilon={+1.2185000E-10}
.P&Zam FREm={+3.7150900E+00}
.param etal={+1.0000000E-09}
¥dgcale={+5.0000000E+00}
.pazam c0_vgsi={+3.0649000E-13}
¥RA={+6.7875200E+00}
.param ci0={+2.9326000E-14}
-pazam krybi={+0.0000000E+00}
.param mz={+6.0603000E-01}
.R@&%am ai={+1.7239200E+00}
.param di={+2.3149000E-01}
.pazam IGSDIO={+0.0000000E+00}
.pazam IGDDIO={+1.0000000E-12}

" AMCAD Engineering
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[y
Large Signal model validation

Empiric Load Pull measurements at the extrinsic planes

Extrinsic Drain

S ntrinsic Drain
/ Dri:nn

: S—
g 50Q
Tuner 0 I Tuner 0, 2f0, 3f0
CW or Pulse RF signal
L
PRe f
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[

Application specific Load Pull Validation: ASM model

Pout (dBm)

Pout (dBm)

40 80 7 WENT[pHENT Linear model
30 60—|

] w
20— 40—

] S
10— 20 |

0 T T T T T T 1 0 T

20 -15 -10 -5 0 5 10 15 20 25 -20 15 10 -5 0 5

Pin (dBm) Pin dBm
Modeling and
validation flow

40 80

30— 60—

] w
20— 40—

: E

10— 20— ‘
B o fo
0 R P N S R U

20 15 -10 -5 0 5 10 15 20 25 -20 15 -10 -5 0 5 10 15 20 25

Pin (dBm) Pin dBm
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Q&A

Thank you

Visit Booth # 328 for more

Web Site: www.amcad-
engineering.com
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